Inula helenium L., commonly known as Elecampane, has been extensively used for many countries in the folk medicine. Its root is a rich source of sesquiterpene lactones, which possess various pharmacological activities. To develop the phytomedicine including sesquiterpene lactones, we prepared hexane fraction from Moreover, sesquiterpene lactones of HFIH clearly suppressed STAT3 activation.
its constituent on STAT3 activation is of great importance in the development of natural product-based medicinal phytomedicine.
STAT proteins have been implicated in regulating the survival, differentiation, and death of cells (Hirano, Ishihara, & Hibi, 2000) . There are seven STAT5A, STAT5B, and STAT6) that have been identified (Liongue, O'Sullivan, Trengove, & Ward, 2012) . Among them, STAT3 is constitutively activated in various human cancers, including breast, lung, prostate, and colon. STAT3 activation leads to the overexpression of oncogenes and the progression of cancer (Siddiquee & Turkson, 2008) . Once activated, STAT3 is phosphorylated on the tyrosine 705, by Janus kinases (JAKs), and forms dimers via reciprocal interactions between its SH2 domain and the phosphorylated tyrosine. In turn, STAT3 dimers rapidly translocate to the nucleus and activate transcription of target genes, including cyclin D 1 , c-myc, and bcl-2 (Siveen et al., 2014) . Because these genes are associated with activation of cell proliferation and inhibition of apoptosis, suppression of STAT3 activation is considered a promising therapeutic approach (Lin et al., 2010) .
In the present study, we investigated the inhibitory effects of methanol extract and hexane, methylene chloride, ethyl acetate, butanol, and water fractions of I. helenium on STAT3 activation in triple-negative breast cancer (TNBC) MDA-MB-231 cells. Among them, hexane fraction of I. helenium (HFIH) effectively suppressed STAT3
activation. In addition, we analyzed HFIH and evaluated the inhibitory activity of constituents on STAT3 activation. We suggest that HFIH may be useful for targeting STAT3 to treat cancer and could be developed as a phytomedicine.
| MATERIALS AND METHODS

| Reagents and plant materials
Dulbecco's modified Eagle's medium, penicillin, streptomycin, and fetal bovine serum were obtained from GenDepot (Barker, TX).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), NSC-87877, and a protease inhibitor cocktail were purchased from Sigma-Aldrich (St. Louis, MO, USA). Interleukin 6 was purchased from R&D Systems (Minneapolis, MN, USA). Antibodies against p-STAT3 (Y705), p-STAT3 (S727), STAT3, cyclin D 1 , p-JAK1, p-JAK2, and bcl-2 were from Abcam (Cambridge, MA, USA). Antibodies against PARP1, p-JNK, JNK, p-ERK, ERK, p-p38, p38, SHP-1, SHP-2, caspase-9, and β-actin were from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies against histone H3, c-myc, p-JAK1, p-JAK2, JAK1, JAK2, caspase-3, and caspase-8 were from Cell Signaling Technology (Beverly, MA, USA). The root of I. helenium was purchased from Gwangmyungdang Medicinal Herbs (Ulsan, Korea). A voucher specimen (NPRI-14-226) was deposited at the Herbarium of Natural Products Research Institute at Seoul National University.
| Preparation of fractions and sesquiterpene lactones
The root of I. helenium (100 g) was extracted with 1 L of methanol for 12 hr and sonicated for 2 hr at room temperature. The methanol extract was then filtered and evaporated under reduced pressure to obtain a crude extract (13.47 g, 13.47 w/w%). The methanol extract of I. helenium (MEIH; 13.47 g) was suspended in distilled water (1 L) and partitioned sequentially with hexane, methylene chloride, ethyl acetate, and butanol, to yield hexane fraction (3.12 g), methylene chloride fraction (0.62 g), ethyl acetate fraction (0.25 g), butanol fraction (1.37 g), and water fraction (7.82 g), respectively. Hexane fraction was analyzed for major sesquiterpene lactones by comparison with standard compounds, alantolactone (Tauto Biotech, Shanghai, China) and isoalantolactone (Tauto Biotech). Alantolactone and isoalantolactone were found to be present at concentrations of 42.4% and 44.2%, respectively, by HPLC. Hexane fraction was the major fraction (over 50%) of MEIH except water. Based on chemical and biological testing, we primarily focused on hexane fraction for further isolation. We developed an efficient method to isolate sesquiterpene lactones from hexane fraction. In brief, hexane fraction (200 mg) was subjected to HSCCC using a solvent system composed of hexane-acetonitrile-methanol-water (5:3:1:2, v/v) to afford four fractions as follows: Fraction 1 (6 mg), Fraction 2 (52 mg), Fraction 3 (48 mg), and Fraction 4 (3 mg). Fraction 1, Fraction 2, and Fraction 3
were identified by nuclear magnetic resonance as igalan, isoalantolactone, and alantolactone, respectively. The purity of them was determined to be over 98%. Fraction 4 was found to the mixture of dugesialactone and alloantolactone (Huo et al., 2010) . The samples were diluted in dimethyl sulfoxide and added to the plates serially in culturing medium with a final concentration of 0.05%. 
| HPLC analysis
| Cell culture
Breast cancer cell lines, MDA-MB-231 and MCF-7 cells were obtained from the Korean Cell Line Bank (Seoul, Korea).
MDA-MB-468 and BT-474 cells were from the American Type Culture Collection (Rockville, MD, USA). These cells were maintained in highglucose Dulbecco's modified Eagle's medium, supplemented with 10% fetal bovine serum, penicillin 100 U/mL, and streptomycin 100 μg/mL at 37°C in a humidified atmosphere containing 5% CO 2 .
| Cell viability assay
Cell viability was evaluated using MTT assay. Cells were seeded into 96-well plates and treated with MEIH, HFIH, and sesquiterpene lactones. The MTT solution was added to each well, and the absorbance was measured at a wavelength of 540 nm using a microplate reader (Molecular Devices, Sunnyvale, CA, USA).
| Western blotting
Whole cell lysates and nuclear extracts were prepared as described previously (Chun et al., 2015) . Equal amounts of protein were separated on sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to nitrocellulose membranes. The membrane was blocked with 5% skim milk, incubated with primary antibodies overnight, and incubated with secondary antibodies conjugated with horseradish peroxidase for 2 hr. The bands were developed using a chemiluminescence kit (Intron Biotechnology, Seoul, Korea) and visualized using a LAS-1000 image analyzer (Fujifilm, Tokyo, Japan).
| Cell cycle analysis
Cells were treated with HFIH for 24 hr, fixed with 70% ethanol, and incubated at −20°C overnight. The cells collected by centrifugation were incubated with RNase A and stained with propidium iodide (PI).
The DNA content was measured using FACSCalibur flow cytometry (BD Biosciences, San Jose, CA, USA) and analyzed using the CellQuest software (BD Biosciences).
| Annexin V/PI staining
Annexin V/PI staining was performed to examine the apoptotic potential according to the manufacturer's directions (BD Biosciences). Cells were treated with HFIH for 24 hr, suspended in 1× binding buffer, and stained with Annexin V/PI. After incubation for 15 min, cells were evaluated using FACSCalibur flow cytometry (BD Biosciences).
| DNA fragmentation assay
The DNA was extracted with phenol:chloroform:isoamyl alcohol (25:24:1, v/v/v) and precipitated with ethanol and sodium acetate.
The DNA pellets were washed with 70% ethanol, dried, and resuspended in RNase A. DNA fragments were separated electrophoretically on a 2% agarose gel containing ethidium bromide.
| Tumor xenograft study
Animal care and all the procedures were conducted in accordance with the guidelines of Seoul National University Institutional Animal
Care and Use Committees. Male BALB/c nude mice at the age of 5 weeks were purchased from the Central Animal Laboratory (Seoul, Korea). MDA-MB-231 cells (5 × 10 6 cells/200 μL) were subcutaneously injected into mice. One week after the injection, the mice were randomly divided into treatment and control groups (n = 5).
The animals were administered HFIH (10 mg/kg body weight, suspended in saline with 2% dimethyl sulfoxide, 100 μL i.p. injection)
or an equal volume of saline daily for 18 days. Tumor volume was measured using a caliper according to the following formula:
length × width 2 × π/6. The body weight of each mouse was monitored for toxicity.
| Statistical analysis
All the data are presented as the mean ± standard deviations or standard error of the mean as indicated in the figure legend. Analysis of variance with Dunnett's t test was used for the statistical analysis of multiple comparisons. A value of p < 0.05 was chosen as the criterion for statistical significance. 
| Induction on caspase-mediated apoptosis of HFIH in MDA-MB-231 cells
The data presented so far have shown that HFIH effectively suppressed STAT3 pathway. We investigated whether suppression of STAT3 activation by HFIH could have effect on the induction of apoptosis. Cells were treated with various concentration (0-8 μg/mL) of HFIH for 24 hr and analyzed by cell cycle analysis, Annexin V/PI staining, and DNA fragmentation assay. HFIH dose-dependently increased sub-G1 phase and led to phosphatidylserine externalization to the cell surface (Figure 3a,b) . The fragmented DNA ladders were also observed in HFIH-treated cell (Figure 3c ), suggesting that HFIH induces apoptotic cell death. To prove that the apoptotic effect of by the aggressiveness and high mortality rates due to its invasiveness, metastatic properties, and its lack of a therapeutic strategy (Gluz et al., 2009 ). These are associated with the loss or low expression of established biomarkers of breast cancer such as estrogen receptor, progesterone receptor, and epidermal growth factor receptor 2 (HER2) in TNBC (Lehmann et al., 2011) . Consequently, it requires us to develop a new drug specifically targeting TNBC. TNBC's aggressive behavior may be due to the fact that aberrant STAT3 activation is frequently observed in this type of breast cancer (Deng et al., 2012; Marotta et al., 2011) . STAT3 activation in TNBC is associated with enhanced cell proliferation and tumor growth, because STAT3 target genes regulate many cellular processes such as survival, proliferation, and apoptosis. In this respect, many studies suggest that STAT3 represents a potential target for the treatment and prevention of TNBC (Muellner et al., 2015) . Therefore, investigation of new selective agents that suppress STAT3 activation can be a promising approach in the treatment of TNBC.
Sesquiterpene lactones have emerged as an important group of natural products that possess many biological activities (Merfort, 2011) . I. helenium characteristically contains many sesquiterpene lactones (Jiang et al., 2011) . Recently, alantolactone, which is an active principle sesquiterpene lactone in I. helenium, has been reported to exhibit anticancer activities (Wei et al., 2013) . Particularly, alantolactone showed a marked inhibitory effect on STAT3 activation and strong therapeutic potential in TNBC (Chun et al., 2015) . Therefore, there is a great demand for the development of I. helenium. However, it may be not reasonable to explain the effect of I. helenium by the action of single compounds because of the complexity of plant constituents. In this study, we produced sesquiterpene lactones- MAPK family members play crucial roles in mediating multiple cell functions such as cell proliferation, differentiation, and apoptosis (Cargnello & Roux, 2011) . It is well known that activation of ERKs and p38 can modulate the phosphorylation of STAT3 (Ng, Long, & Bogoyevitch, 2001) . A previous study showed that MDA-MB-231 cells activate STAT3 signaling via JNK pathway to survive (Kim et al., 2010) . In our results, HFIH increased the activation of JNK but decreased the activation of ERK. Although further studies are needed to identify the cross-regulatory actions of STAT3 and JNK, HFIH-mediated suppression of STAT3 activation seems to be JNK independent in the way that JNK inhibitor did not block the alantolactone-induced inactivation of STAT3 (Chun et al., 2015) .
Constitutively activated STAT3 contributes to the survival of cancer cells through an inhibition of apoptosis (Burke et al., 2001) . However, they can be distinguished by the fragmented DNA. Specifically, necrosis leads to rapid nonspecific cleavage of DNA, whereas apoptosis activates endonucleases that cleave the DNA into fragments of~200 base pairs. Therefore, the extracted DNA can be observed as a ladder of apoptosis or a smear of necrosis by DNA fragmentation assay. The fragmented DNA ladders were clearly observed in HFIH-treated cells, indicating that HFIH induces apoptotic cell death ( Figure 3c ). In addition, two major components of HFIH, alantolactone and isoalantolactone, have already been known to induce caspase-dependent apoptosis, which is effectively inhibited by the pan-caspase inhibitor Z-VAD-fmk (Cui et al., 2018; Li, Qin, Qi, Mao, & Wu, 2016) . Nevertheless, it is possible that HFIH induces secondary necrosis in regards that apoptotic cells in vitro will eventually undergo secondary necrosis (Silva, 2010) . The specific mechanism study showed that HFIH increased apoptosis through extrinsic and intrinsic pathways, thus activating the downstream apoptotic effector we demonstrated that sesquiterpene lactones existing in HFIH suppressed STAT3 activation.
In conclusion, HFIH selectively inhibits constitutive STAT3 activation, which results in the inhibition of cell growth and the induction of apoptosis in MDA-MB-231 cells ( Figure 5 ). Sesquiterpene lactonesenriched HFIH has the advantage in that its production is simple and cheap, and it contains a large amount of the effective ingredient.
The application of I. helenium may represent an important approach for the development of an anticancer phytomedicine, particularly for suppressing STAT3 activation and preventively reducing the risk for TNBC.
